«, 2 , UK Patent Application «1*>GB <„> 2 1 46 229 A 

(43) Application published 17 Apr 1985 



(21) Application No 8421406 


(61) INT CL 4 




A24C 6/60 


(22) Date of fifing 24 AuO 1084 






(62) Dornaittc ctaMfflcatlon 


(30) Priority data 


A2C 28 


(31) 3568 (32) 12 Sap 1983 (33) IT 


A2M &2 




(56) Documents cited 






Nona 


(71) Applicant 




€ D Socleta Per A*lonl (Italy), 


(58) Field of search 


4Q100 Bologna, Via Pomponta 10, Italy 


AZC 




B4B 


(72) Inventor* 




fliceordo Mattel 




Armando N«rl 




Santo Hanio Gobbi 




Maiefii Centalta 




(74) Agent and/or Addreti for Service 




Carpmaeto & Raniford, 




43 Btooma&ury Square, London WC1A2BA 





(54) Piercing device for pferdng 
ventilating holes in cigarette* or 
similar smoking commodities 

(57) Piercing device (1) for piercing 
holes (2) in cigarettes (3) or similar 
smoking commodities, in which a 
laser beam (7) emitted by a 
continous laser source (6) is 
"pulsated" by □ mobile reflecting 
element (22), assembled in rotary 
manner round a fixed axis (9), and 
a fixed reflecting element (23) 
Optically connected to the said 
mobile reflecting element (22) and 
provided with a faceted reflecting 
body (25) in the shape of an 
irregular pyramid designed to 
define, far each "pulse", a focus 
(31) on the surface of the said 
cigarette (3) or similar being 
pierced, and endowed, in relation to 
the latter and throughout the length 
of the pulse, with relatively zero 
speed. 
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SPECIFICATION 

Piercing d vice for piercing ventilating 
holes in cigarett a or similar em king com- 
6 modifies 

The present invention relates to a piercing 
device for piercing ventilating holes in ciga- 
rettes or similar smoking commodities. 
10 For making so-called "ventilated" ciga- 
rettes, piercing devices are known to bo em- 
ployed on which the piercing "tool" consists 
of a laser source. On known types of laser 
beam piercing devices, cigarettes are gener- 
1 5 ally pierced according to two techniques, the 
first using e laser source which pierces the 
said ventilating holes in the cigarettes as they 
turn round their awn axis, and the second 
using mobile reflecting systems designed to 
20 divert the laser beam on to the cigarette being 
pierced in different directions, while the ciga* 
rette travels in relation to the said source 
without turning round its own axis. 
In both the above cases, known types of 
25 laser beam devices use a "pulsating" laser 
source the frequency of which is such as to 
pierce a hole for each pulse. 

The employment of a pulsating laser 
source, however, makes it practically impossi- 
30 ble for the above known types of piercing 
devices to be used in conjunction with high- 
output cigarette manufacturing or filter as- 
sembly machines designed for producing as 
many as 10,000 cigarettes a minute. 
35 For this to be done, the pulse frequency 
required for piercing about thirty holes in each 
cigarette is around 5,000 Hz, which means 
using relatively large, high-power laser 
sources. Furthermore, such pulse frequencies 
40 usually result in irregular, drawn-out holes of 
unnacceptable appearance. 

The aim of the present invention is to 
provide a laser beam piercing device designed 
to operate smoothly in conjunction with high- 
45 output cigarette manufacturing and filter as- 
sembly machines and which involves none of 
the above mentioned drawbacks. 

With this aim in view, the present invention 
relates to a piercing device for piercing venti- 
50 lating holes in cigarettes or similar smoking 
commodities supported on a feeding drum 
assembled in rotary manner round an axis, the 
piercing device comprising a laser source and 
an optical reflecting and focusing system de- 
55 signed to divert the beam emitted by the said 
source and focus it. in succession, on specific 
points on the surface of each said cigarette or 
similar, while the latter is travelling crosswise 
in relation to its own axis round the axis of 
50 rotation of the said drum; the said device 
being characterised by the fact that the said 
source is designed to emit a continuous beam 
along a fixed axis parallel with the axes of the 
said cigarett s or similar and arranged along 
65 the same route, and that the said optical 



system comprises a mobile reflecting and fo- 
cusing unit assembled in rotary manner round 
the said fixed axis, and a fixed reflecting 
member comprising two rings of reflecting 

70 elements arranged round the said fixed axis; 
the elements on one said ring being optically 
inserted between two reflecting elements on 
the said mobile unit and forming, with the 
perpendicular of the said fixed axis, angles 

75 varying from one element to another accord- 
ing to the formula: 

e-(2frR + Pcoa MM 

80 Further characteristics end advantages of 
the present invention will now be described 
with reference to the attached drawings show- 
ing a non-limiting example and In which: 
Figure 1 shows a view in perspective of a 
85 preferred arrangement of the piercing device 
according to the present invention; 

Figure 2 shows a side view of the Fig. 1 
device; 

Figures 3, 4 and 6 show diagrams in per- 
90 spective illustrating operation of the device in 
figs. 1 and 2, 

Number 1 in Fig. 1 indicates a piercing 
device designed to pierce a ring of holes 2 
(Fig. 2) in a number of cigarettes 3. Each of 
95 the (fitter is partially housed in fixed position 
inside a seat 4 on the periphery of feeding 
drum 5 designed to turn round its own axis at 
a given constant speed. 
Device 1 comprises a continuous laser 
100 source 6 designed to emit a continuous beam 
7 reflected by a fixed mirror 8 along an axis 9 
parallel to the axis of rotation of drum 6 and 
coinciding, as shown in Fig. 2, with the 
position assumed by the axis of each cigarette 
105 3 when the letter reaches the centre line of a 
piercing arc corresponding to the circular dis- 
tance travelled by cigarettes 3 on drum 5 and 
along which holes 2 are pierced. 
Device 1 also comprises a tubular body 10 
1 10 mounted so as to turn round its own axis 
coinciding with axis 9 

Tubular body 1 0 is provided with an outer 
ring 1 1 engaging with an output pinion 1 2 on 
motor 1 3 designed to drive body 1 0 at a 
115 given constant speed. 

From the end of body 10 facing drum 5 
extend two arms, 1 4 and 1 5, supporting 
respective reflecting elements or mirrors. 1 6 
and 1 7, the former of which is designed to 
1 20 intercept the beam 7 from body 1 0 and divert 
it outwards in a direction essentially perpendi- 
cular to axis 9. 

As shown in Fig. 2, mirror 1 7 is positioned 
so as to divert beam 7 along axis 1 8 essen- 
125 tially parallel with axis 9 and coinciding with 
the optical axis of focusing lens 1 9 supported 
on arm 20 integral with arm 1 5, the said lens 
being designed to focus beam 7 on a point 
2 1 which, if the focused b am was not 
1 30 diverted further, w uld turn round axis 9 at 
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the same spaed as mobile unit 22 c mprlsing 
tubular body 10, arms 14, 1S and 20 mir- 
rors 16 and 17 and I ns 19. 
Device 1 also comprises a fixed reflecting 
5 member 23, in turn, comprising a first num- 
ber of reflecting elements or mirrors 24 con- 
stituting the faces of a reflecting ring or body 
25 essentially in the form of en irregular 
pyramid having its axis essentially coinciding 
10 with axis 9. 

Reflecting member 23 also comprises a 
fixed ring 26. essentially coaxial with axis 9 
and divided into two parts by two slots 27 
designed to allow the passage of filters 29 on 
1 S cigarettes 3 projecting from drum 5. 

The inner surface 29 of ring 26 is fitted 
wfth a second number of fixed reflecting ele- 
ments or mirrors 30 arranged essentially 
evenly round axis 9. 
20 On device 1 . beam 7 is diverted by mirror 
1 6 successively on to one of mirrors 24 
which, together with the perpendicular of axis 
9, form different angles a, as described in 
more detail later on. 
25 When struck by beam 7, each mirror 24 
diverts it on to mirror 1 7 which, in turn, 
reflects it, by means of lens 1 9 and parallel to 
axis 9, on to a corresponding mirror 30. 
When struck by beam 7, each mirror 30 
30 diverts it, in a direction essentially perpendicu- 
lar to axis 9, on to the cigarette 3 on the 
piercing arc. 

As already stated, without mirrors 30, beam 
7 would continue travelling parallel to axis 9 
35 and would be focused on point 21 at distance 
ft from axis 9. 

On device 1 , by carefully selecting the 
angles a formed by mirrors 24 and the per- 
pendicular of axis 9, focus 31 can be made to 
40 coincide with a specific point on the outer 
surface of filter 28 being pierced, for as long 
as beam 7 sweeps each pair of corresponding 
mirrors 24 and 30, and can be made to move 
with the said point in such a manner that the 
46 relative speed of cigarette 3 travelling over the 
piercing arc and focus 31 relative to each pair 
of mirrors 24 and 30 is essentially zero, thus 
providing for essentially round holes 2. 
In other words, by turning tubular body 1 0 
50 at such a speed that mobile unit 22 makes a 
complete turn round axis 9 in the time taken 
for cigarettes 3 to move forward one step, I.e. 
the distance between two adjacent cigarettes 
3 on drum 6, beam 7 sweeps mirrors 24 and 
55 corresponding mirrors 30 in succession, the 
latter being the same in number as mirrors 24 
and holes 2 for piercing. 

Throughout the time taken for beam 7 to 
sweep one of mirrors 24, focus 31 is kept in 
60 a fixed position on cigarette 3 In which it 
pierces a hole 2 as it moves along with it, 
after which it moves to another position, again 
moving along with cigarette 3, when beam 7 
is caused to strike the next mirror 24. 
65 To understond how device 1 can do this by 



simply selecting carefully angles a formed by 
mirrors 24 and the perpendicular of axis 9, 
the movement of device 1 should be divided 
into two separate stages, the sum of which 
70 gives actual mov mem of the device, and the 
effects f ach examined separately. 

To simplify the following analysis as far as 
possible only the movement Imposed in both 
cases on focus 21 will be examined, in that 
75 the actual focus 31 is merely a reflected 
image of it. 

The actual movement of device 1 con be 
considered as being the sum of a first stage, 
in which both mobile unit 22 and reflecting 
80 body 25 turn round axis 9 at the same speed 
Q. and a second stage in which mobile unit 
22 is stationary and reflecting body 25 turns 
round axis 9 at speed ( - Q). | n the first of the 
said stages, beam 7, instead of sweeping 
85 mirrors 24, strikes one of them in a fixed 
position, and focused beam 7, reflected by 
mirror 1 7, turns at speed Q round axis 9, 
keeping itself parallel. Consequently, focus 2 1 
travels along an essentially circular trajectory 
90 round axis 9 so thai, if VI is the speed of 
focus 21 in the said first stage, this gives: 

1) VI -QR 

95 As for the second stage in which unit 22 is 
stationary and reflecting body 25 turns round 
axis 9, reference must be made to Figa. 3, 4 
and 5 for working out the formula governing 
movement of focus 21. 
100 fig. 3 shows a mirror S mounted so as to 
turn round axis A and forming angle a with 
perpendicular N of the said axis. A beam F, 
directed on to mirror S along axis A. when 

m ' rror S is ' n tn9 *' rst stationary position 
105 shown by the continuous black line in Fig. 3, 
is reflected in such a direction as to form an 
angle 2a with beam F itself. 

When mirror S is turned 180" (dotted line), 
beam F Is reflected in another direction form- 
110 ing another angle 2a with beam F. 

Thus, as mirror S is turned 180* round axis 
A, the reflected beam describes the 8urface of 
a cone having an aperture of 4a and coaxial 
with axis A. 

116 If we examine Fig, 4, we can see that beam 
4 no longer coincides with axis A but forms 
with it an angle b the tip of which coincides 
with the intersection of axis A and mirror S. 
In conformance with the laws of reflection, 

1 20 as mirror S is turned round axis A, the 

reflected beam describes the surface of a cone 
the axis of which forma an angle (a + b) with 
incident beam F and the aperture of which Is 
given by: 

125 

2) <2b + 2a) - (2b- 2a) - 4© 

If we now examine Fig. 5, we see that 
incident beam F is not only inclined in relation 
1 30 to axis A but als has its point of Incidence on 
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mirror S shifted in relation to the Intersection 
of mirror S and axis A. 

In this case, the reflected beam no longer 
describes th surfac of e p rfect cone, but 
5 that of a conical env lope the aperture f 
which, nevertheless, is still essentially equal to 
4a. 

If we now examine Fig. 4, assuming that it 
is reflecting body 25 that is turning while unit 
10 22 is stationery, beam 7 reflected by mirror 

1 6 is inclined in relation to the axis of rotation 
9 and encounters, in succession, mirrors 24 
at points some distance from axis 9. 

The reflection example in Fig. 5 thus tllus* 
1 5 trates the manner in which beam 7 is 
reflected by mirrors 24. 
To be more precise, as the effect of mirror 

1 7 is none other than to amplify the move- 
ment of the beam reflected by mirrors 24, it 

20 can be said that, in the case of the second 
stage examined, focus 21 moves round axis 9 
in n number of separate arcs, n being the 
number of mirrors 24. The beams in the said 
arcs vary from one arc to another and can 

25 easily be deduced from any one of Figs. 3, 4 
and 5 in which the cone described by the 
reflected boam has q base circle with a radius 
R' of: 

30 3) R J a2 a 1 

where 7 is equal to the length of the side of 
the cone and, in the case of Fig. 2, is equal to 
the length of the beam 7 portion between 
35 mirror 24 and focus 21. 

In other words, the beams in the said arcs 
vary according to angle a of the relative mirror 
24 and are traveled along by focus 21 at a 
spaed V2 of: 

40 

4) V2 ■» ( - 2 a 1 0) 

From equations 1 and 4), we can calculate 
the angle &<, mirror 24 must have for keeping 
45 focus 21 stationary in space as long as the 
said mirror 24 is being swept by beam 7. 
That is: 

6)V1+V2«0 = QR-2Q1 4, 

50 

6) R/2 1 - fib 

As focus 21 , end consequently, also 
reflected image 3 1 , is not required to remain 
55 stationary at a specific point for each mirror 
24, but is required to move bo as to compen- 
sate for the movement of cigarettes 3 over the 
piercing arc or step, the angle of mirrors 24 
will be equal to: 

60 

7) a - *o + a } cos c 

where c is the angle of rotation of mobile unit 
22 round axis 9 tind v t is given by: 

66 



8) P/lvR-a,/* 

9) - P/2ffR 

70 where P is the length of the step. 

On device 1 as described above, the results 
examined, which amount to piercing perfectly 
round holes 2, are echieveed using a continu- 
ous instead of pulsating laser source 5, beam 

78 7 being ''pulsated" by reflecting member 23, 
thus providing for considerable saving in en- 
ergy and a drastic reduction In the size of 
source 6, 

tt wilt of course be understood that the 
80 present invention has been described above 
purely by way of example, and modifications 
of detail can be made within the scope and 
spirit of the invention* 

85 CLAIMS 

1 . Piercing device for piercing ventilating 
holes In cigarettes oi similar smoking com- 
modities supported on a feeding drum assem* 
bled in a rotary manner round an axis, the 

90 piercing device comprising a laser source and 
an optical reflecting and focusing system de- 
signed to divert the beam emitted by the said 
source and focus it, in succession, on specific 
points on the surface of each said cigarette or 

95 simitar, while the latter is travelling crosswise 
In relation to its own axis round the axis of 
rotation of the said drum; the said device 
being characterised by the fact that the said 
source is designed to emit a continuous beam 

1 00 along a fixed axis parallel with the exes of the 
said cigarettes or similar and arranged along 
the same route, and that the said optical 
system comprises a mobile reflecting and fo- 
cusing unit assembled in rotary manner 

105 round the said fixed axis, and a fixed reflect- 
ing member comprising two rings of reflecting 
elements arranged round the said fixed axis; 
the elements on one said ring being optically 
Inserted between two reflecting elements on 

110 the said mobile unit and forming, with the 
perpendicular of the said fixed axis, angles 
varying from one element to another accord- 
ing to the formula: 

115 b - (2?rR 4* P cos c)/4ir1 

2. Device according to Claim 1, character- 
ised by the fact that the said mobile unit 
comprises a first mirror, intersecting the said 

1 20 fixed axis for diverting the said beam selec- 
tively and successively on to the said reflect- 
ing elements on the said fixed reflecting mem- 
ber, and a second mirror designed to receive 
the beam reflected by the latter and divert It 

125 in a direction essentially parallel to the said 
fixed axis* 

3. Device according to Claim 2, character- 
ised by the fact that the said mobile unit also 
comprises a focusing lens arranged down- 

1 30 stream from the said second mirror in the 
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propagation direction of the said beam. 

4. Device acc rding to Claim 3, character- 
ised by th fact that the ret! cting elements 
on th oth r of the said rings er arranged in 
5 such a manner as to intersect selectivey and 
successively the ptical axis of the said t ng, 
and ere arranged downstream from the seme 
in the propagation direction of the said beam 
so as to divert the latter towards the said fixed 
10 axis. 

6. Device according to any one of the 
foregoing Claims, characterised by the fact 
that the said fixed reflecting member com- 
prises a reflecting body essentially in the 

1 5 shape of an irregular pyramid with its axis 
essentially coinciding with the said fixed axis; 
each side face on the said pyramid being 
reflecting and constituting a respective said 
reflecting element on the said first ring. 

20 6. Piercing device for piercing ventilating 
holes in cigarettes or similar smoking com- 
modities, essentially as described and illus- 
trated with reference to the attached drawings 
t and 2, 
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